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REVIEW OF COMBUSTION RESPONSE MEASUREMENT TECHNIQUES

JPU
‘, ROCKET MOTOR STABILITY PREDICTION

¢ ROCKET CHAMBER PRESSURE DISTURBANCE VARYING
SINUSOIDALLY IN TIME

P = pe 0t jat
«  EXPONENTIAL COEFFICIENT ¢ HAS GENERAL FORM

e = Rpc(M) Ipc + Rye) lye + apT + app + RN() IN + aST

Y AE— [ -
mp /mp - mp /mp
VC =

WHERE: Rpg =

Dedinj+itn ofF RN

snlid Oorodoej/md‘- LFT
/ye/swye—cwf/&é app
(W/W agT

resporse Function

/ = /
P /P v /a
NOZZLE RESPONSE FUNCTION
ACOUSTIC STABILITY INTEGRALS
FLOW TURNING COEFFICIENT
PARTICLE DAMPING COEFFICIENT
STRUCTURAL DAMPING COEFFICIENT
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REVIEW OF COMBUSTION RESPONSE MEASUREMENT TECHNIQUES

JPL
ACOUSTIC ADMITTANCE

ACOUSTIC ADMITTANCE OF PROPELLANT BURNING SURFACE

u’/ a u/a

= /
P /yP v /3

RESPONSE FUNCTION AND ACOUSTIC ADMITTANCE RELATED

BY BURNING SURFACE MASS BALANCE _
My = meam [aoh Mo, of

Ap + Mp = YEb Rb %ﬁc SUvfaes Ggaos
i

/f ef atrom 5/4 /0 %w*%r\ CJ»«/M Len P‘af/a(/y\g/g
Funliom M acop sl adpittorce
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DESCRIPTION) OF T ok Spaccrett ard

o MICROWAVE BURNING RATE ~ <=&% . 11 7, ot

MEASUREMENT TECHNIQUE

INCOMING MICROWAVE UNBURNED _
PROPELLANT WAVEGUIDE
AT FREQUENCY f;— /—SURFACE

WA, /////////////

A

N >

E\ETFEEESBE&%%R?WAVE Sy~
WITH PHASE SHIFF ///////////////////// o
Cmmm
do

ra

dt

kX2 of reqves Srum of &JY?W SAr Foc @
froéfoﬁfﬂ’*ra/@ Tine raX2 O{Q{a»-?/? of e

Doﬁfx(ef" FM sk f+.
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EXPERIMENTAL TECHNMNIQUE (Conmt'd)

COMB ENING T AND ' RESULTS WHTH MEASURED PRESSURE INFORMATION
(P,P'), FROM EON. (1):

_rr
b pp
,27rfA4> P ei(e +ml2)
$ AP (6)

SETTING? = 360°/ At, WHERE At IS THE PERIOD FOR A 360° SHIFTIN PHASE:

R _2miAPAL P ei(Q + 9/ 2)
b ¥ ap (7

- IR Jl8+mi2)
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DESCKRIP TIok) OF Tl RESEARCN T MEASURLE

JPL COMBUSTION RESPONSE TO OSCILLATORY
RADIANT HEAT FLUX

.

~—

¢ OBJECTIVE:

¢ UPPER FREQUENCY LIMIT OF MICROWAVE DOPPLER VELOC | METER TECHNIQUE
FOR MEASURING PRESSURE-COUPLED RESPONSE FUNCTION (R) OF SOLID
PROPELLANTS IS ~1 KHz, LIMITED PRIMARILY BY LIMITING AMPLITUDE
OF DRIVEN PRESSURE OSCILLATIONS IN MICROWAVE BURNER. OBJECTIVE
IS TO DEVELOP REVISED SYSTEM CAPABLE OF MAKING MEASUREMENTS AT

FREQUENCIES UP TO 2 KHz AND MORE

¢ APPROACH:

o USE MICROWAVE DOPPLER VELOCIMETER TO MEASURE COMBUSTION RESPONSE
TO OSCILLATING THERMAL RADIATION SOURCE (LASER)RATHER THAN PRESSURE,
RELATE MEASURED BURNING RATE RESPONSE TO THERMAL RADIATION (R,) TO

EQUIVALENT OSCILLATION IN PRESSURE USING EXISTING THERMAL COMBUSTION

THEORY -
1 q'/ qo

R

gine
| Lp/po
p:
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CALCULATED TRANSFER

. FUNCTION vs FREQUENCY FOR
- TYPICAL AP COMPOSITE PROPELLANT

L0

0.8

0.6

0.4|-

0.2

0.0

50 100 150 200 250 300




*55%& 5175 52Ad

i d/dp
>, 04 @EE\% w\é\go\oLQ vt (o= M“UM

d3a13lA 3SVHd AIT70S 40 SISATVYNc TVWHIHL

ddp  did _
‘bbp ~ "bjb T 77

SISAkSNV NOLLONNL H34SNcHL  Mdrlr
AYO23S Y

99T 48 YVIY




AIAA 65-2667

JPL SCHEMATIC OF TEST CONCEPT
. Z«gfvg mic YOurape @Of fer celociimeter ﬁmifw& 1o meaSee
+Fle FWWM : r@gOcM B an jrcidesd, Cfﬁ"’"/ﬁ‘”‘j
Hlormad radialion spuvee (COy faser ), -

PROPELLANT

STRAND \\

[ |

| \LASER



.

JPLU

SCHEMATIC OF MICROWAVE SYSTEM

ATAA &5-2667
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JFPL MICROWAVE WINDOW BURNER ASSEMBLY

/---Dielectric PROPELLANT

CLOSURE SAMPLE HOLDER
DIELECTRIC CLOSURE BURNER
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AIAN 8F- 2667

JPL DATA PROCESSING AND RECORDING SYSTEM
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ATAA €95- 2667

SPL LASER MEAN HEAT
‘ FLUX vs FREQUENCY,
A-13 TESTS
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ATAAR @5-1667

JPL OSCILLATORY PHASE SHIFT vs TIME
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JPL  RATE OF CHANGE OF DOPPLER

PHASE SHIFT vys TIME,
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JPL ABSOLUTE VALUE OF
OSCILLATORY RESPONSE

vs FREQUENCY,
A-13, MOD. | PROPELLANT
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AIAA 35-2667

JpL  ARGUMENT OF OSCILLATORY
| RESPONSE vs FREQUENCY,
A-13,MOD.1 PROPELLANT
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NITRA E7-2667

s | =] CONCLUSIONS

« MEASURED RESPONSE FUNCTION RESULTS FOR A-13 PROPELLANT
FORMULATION (MAGNITUDE AND FREQUENCY RANGE OF MAXIMUM RESPONSE)

COMPARABLE WITH EXISTING Rp(r) RESULTS OBTAINED BY A NUMBER OF
DIFFERENT TECHNIQUES

o ADDITION OF QUARTER PERCENT CARBON HAD NO APPRECIABLE EFFECT ON
MEASURED COMBUSTION RESPONSE CHARACTERISTICS - SUPPORTS

CONCLUSION THAT IN-DEPTH TRANSMISSION OF RADIANT HEAT FLUX NOT A
SIGNIFICANT FACTOR AT CO2-LASER WAVELENGTH

e TESTS NEED TO BE PERFORMED ON HOMOGENEQOUS PROPELLANTS TO

DETERMINE VALIDITY OF POSTULATED REASON FOR LARGE TIME-VARIATION IN
, RESPONSE FUNCTION ARGUMENT DATA

o TECHNIQUE SHOWS PROMISE AS A TOOL FOR CHARACTERIZING PROPELLANT
COMBUSTION STABILITY
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JPU
EROSIVE BURNING

« THE AUGMENTATION IN BURNING RATE OF SOLID
PROPELLANTS PRODUCED UNDER CONDITIONS OF HIGH-

SPEED FLOW PARALLEL TO PROPELLANT BURNING
SURFACE.

« PREDICTED TO BE ENHANCED BY FACTORS THAT INCREASE

LEVEL OF TURBULENCE CLOSE TO PROPELLANT BURNING
SURFACE.

« HIGH CROSS-FLOW VELOCITY.

« LOW SURFACE BLOWING RATE (LOW PROPELLANT
BURNING RATE, HIGH CHAMBER PRESSURE).

e PROPELLANT SURFACE ROUGHNESS.
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DESCR| PTIoN) OF T FL
JPL” “ EROSIVE BURNING RESEARCH

*PURPOSE

* TO MEASURE EFFECTS OF PARAMETERS THAT ARE CONSIDERED TO MOST STRONGLY -

INFLUENCE SCALING TO LARGER ROCKET MOTOR S1ZES OF TRANSITION OR THRESHOLD
CONDITIONS FOR EROSIVE BURNING RATE AUGMENTATION

o DEVELQOP A SCALING CRITERION FOR THRESHOLD CONDITIONS FOR EROSIVE BURNING

‘APPROACH

. CARRY OUT SERIES OF LARGE-SCALE MOTOR FIRINGS SYSTEMATICALLY VARYING (1)
MOTOR CROSS-FLOW VELOCITY OR MACH No., (2) CHAMBER PRESSURE, (3)-PROPELLANT
NON-EROSIVE BURN ING RATE, (4) -PROPELLANT SURFACE ROUGHNESS, AND-(5)

MOTOR PORT DIAMETER, AND MEASURING MOTOR TRANSITION LENGTH TO EROSIVE
BURN |NG RATE AUGMENTATION

. INCORPORATE EROSIVE BURNING DEPENDENCIES ON TEST PARAMETERS INTO
SCALING CRITERION
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Figure 1. Plasma Capacitance Gage-Principle of Operation
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~JPL BATES EROSIVE BURNING TEST MOTOR
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RADIUS-BASED CROSSFLOW REYNOLDS NO.
VERSUS LENGTH-BASED REDUCED SURFACE —
TRANSPIRATION REYNOLDS NO. FOR EROSIVE

BURNING TRANSITION
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AQIAQ 74~ 3976

SLAB MOTOR MEASUREMENTS
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